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can sink 20 mA. As inputs, Port D pins that are eter- 
nally pulled low will source current if the pull-up resis- 
tors are activated. Port D also serves the functions of 
varous special features of the AT90S2313 (see full 
datasheet, page 43). 


RESET 
Reset input A low on this pin for two machine cycles 
while the oscillator is running resets the device. 


XTALL 
Input to the inverting oscillator amplifier and input to 
the intemal clock operating circuit. 


XTAL2 
Output from the inverting oscillator amplifier: 


Crystal Oscillator 

XTAL1 and XTAL2 are input and output, respectively, of 
an inverting amplifier which can be configured for use 
as an on-chip oscillator as shown in Figure 2. Either a 
quartz crystal or a ceramic resonator may be used. To 
drive the device from an extemal clock source, XTAL2 
should be left unconnected while XTAL1 is driven as 
shown in Figure 3. 


The SRAM Data Memory 

Figure 4 shows how the AT90S2313 Data Memory is 
organized. 

The 224 Data Memory locations address the Register 
file 1/0 Memory and the data SRAM. The first 96 loca- 
tions address the Register File + I/O memory, and the 
next 128 address the data SRAM. 

The five different addressing modes for the data nem 
ory cover: Direct, Indirect with Displacement, Indirect, 
Indirect with Pre-Decrement and Indirect with Post- 
Increment. In the register file, registers R26 to R31 
feature the indirect addressing pointer registers. 

The Direct addressing reaches the entire data address 
space. 

The Indirect with Displacement mode features 63 
address locations reach from the base address given 
by the Y and Z register 

When using register indirect addressing modes with 
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Figure 3. dermal clock drive configuration. 


automestic pre-decrement and post-increment, the 
address registers X, Y and Z are used and decrement 
ed and incremented. 

The 32 general purpose working registers, 64 I/O reg- 
isters and the 128 bytes of data SRAM in the 
AT90S2313 are all directly accessible through all these 
addressing modes. 


Register File Data Address Space 
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ATS90S2313 
83-bit AVR® Microcontroller with 2K bytes In-System 
Prograntrable Flash 


Manufacturer 
Atma. 
Website: vwwww atmel.com 


AMEL 
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Features 
w AVR® - High Performance and Low Power RISC 
Architecture 
> 118 Powerful Instructions — Most Single Clock 
Cycle Execution 
æ 2K bytes of In-System Repro- 
gramtreble Flash 
— SPI Serial Interface for Pro- 
gram Downloading 
— Endurance: 1,000 White Erase 
Cycles 
= 128 bytes EEPROM mbar 
— Endurance: 100,000 
Write/Erase Cycles 
=æ 128 bytes Internal RAM 
=æ 32 x 8 General Purpose Work- 
ing Registers 
> 15 Programmable I/O Lines 
=æ Voc: 2.7 - 6.0V 
> Fully Static Operation 
- O- 10 MHz, 4.0 - 6.0V 
- O- 4 MHZ, 2.7 - 6.0V 
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> Prograntrable Watchdog Timer with On-Chip 
Oscillator 

> On-Chip Analog Comparator 

> Low Power Idle and Power Down Modes 

> Programming Lock for Software Security 

w 20-Pin Device 


Application banple 

Wawe File Player, Elektor Hectronics February 1999 
Description 

The AT90S2313 is a low-power CMOS 8-bit micro- 
controller based on the AVR enhanced RISC architec- 
ture. By eecuting powerful instructions in a single 
clock cycle, the AT90S2313 achieves throughputs 
approaching 1 MIPS per MHz allowing the system 
designer to optimize power consumption versus po- 
cessing speed. 

The AVR core combines a rich instruction set with 32 


B-BIT DATA BUS 
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> Up to 10 MIPs Throughput at 
10 MHz eae 

=> One 8-Bit Time/Counter with 
Separate Prescaler 

> One 16-Bit Time/Counter with 
Separate Prescaler and Com 
pare and Capture Modes 

= Full Duplex UART 

> Selectable 8, 9 or 10 bit PVM 

> External and Internal Interrupt 
Sources 


ANALOG 
COMPARATOR 
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Figure 1. AT90S2313 Hock diagram 
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general purpose working registers. All the 32 registers 
are directly connected to the Arithmetic Logic Unit 
(ALU), allowing two independent registers to be 
accessed in one single instruction executed in one 
clock cycle. The resulting architecture is more code 
efficient while achieving throughputs up to ten times 
faster than conventional CISC microcontrollers. 

The AT90S2313 provides the following features: 2K 
bytes of In-System Prograntreble Hash, 128 bytes 
EEPROM, 128 bytes SRAM, 15 general purpose I/O 
lines, 32 general purpose working registers, flexible 
timer/counters with compare modes, internal and eter- 
nal interrupts, a programmable serial UART, progran 
mable Wetchdog Timer with intemal oscillator an SPI 
serial port for Fash Memory downloading and two 
software selectable power saving modes. The Idle 
Mode stops the CPU while allowing the SRAM, 
timer/counters, SPI port and interrupt system to contin- 
ue functioning. The power down mode saves the regis- 
ter contents but freezes the oscillator, disabling all other 
chip functions until the next interrupt or hardware reset 
The device is manufactured using Atmal’s high density 
non-volatile memory technology. The on-chip In-Sys- 
tem Prograntreble Flash allows the program memory 
to be reprogrammed in-system through an SPI serial 
interface or by a conventional nonvolatile memory pro- 
grammer. By combining an enhanced RISC 8-bit CPU 
with In-System Programmable Flash on a monolithic 
chip, the Atma AT90S2313 is a powerful microcon- 
troller that provides a highly flexible and cost effective 
solution to many embedded control applications. 

The AT90S2313 AVR is supported with a full suite of 
program and system development tools including: C 
compilers, macro asserrbless, program debougger/sint+ 
Ulators, in-circuit emulators, and evaluation kits. 


Pin Descriptions 


Vor 
Supply voltage pin. 


GND 

Ground pin. 

Port B (PB7..PBO) 

Port B is an 8-bit bi-directional I/O port Port pins can 
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provide intemal pull-up resistors (Selected for each 
PDIP/SOIC 


RESET 
(RXD) PDO 
(TXD) PD1 

XTAL2 

XTAL1 
(INTO) PD2 
(INT1) PD3 

(TO) PD4 
(T1) PD5 
GND 


Vcc 

PB7 (SCK) 
PB6 (MISO) 
PB5 (MOSI) 
PB4 

PB3 (OC1) 
PB2 

PB1 (AIN1) 
PBO (AINO) 
PD6 (ICP) 





=OONOMAWHN = 
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Pin configuration 


bit). PBO and PB1 also serve as the positive input 
(AINO) and the negative input (AIN1), respectively, of 
the on-chip analog comparator. The Port B output 
buffers can sink 20m<A and can drive LED displays 
directly. When pins PBO to PB7 are used as inputs and 
are externally pulled low, they will source current if the 
internal pull-up resistors are activated. Port B also 
serves the functions of various special features of the 
AT90S2313 (see full datasheet, page 38). 


Port D (PD6..PDO) 
Port D has seven bi-directional I/O pins with intemal 
pull-up resistors, PD6..PDO. The Port D output buffers 
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Figure 2. Oscillator connections 
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The I/O space definition of the AT90S2313 is shown in the following table. 


Adcidiress Hex 


$3F ($5F) 

$3D ($5D) 
$3B ($5B) 
$3A ($5A) 
$39 ($59) 
$38 ($58) 
$35 ($55) 
$33 ($53) 
$32 ($52) 
$2F ($4F) 

$2E ($4E) 
$2D ($4D) 
$2C ($4C) 
$2B ($4B) 
$2A ($4A) 
$25 ($45) 
$24 ($44) 
$21 ($41) 
$1E ($3E) 
$1D ($3D) 
$1C ($30) 
$18 ($38) 
$17 ($37) 
$16 ($36) 
$12 ($32) 
$11 ($31) 
$10 ($30) 
$OC ($2C) 
$0B ($2B) 
$0A ($2A) 
$09 ($29) 
$08 ($28) 


Name 
SREG 
SPL 
GMSK 
GFR 
TIMSK 
TIFR 
MCUCR 
TCCRO 
TCNTO 
TCCRIA 
TCCR1B 
TCNT 1H 
TCNTLL 
OCR1H 
OCRIL 
ICR1H 
ICRIL 
WDTCR 
EEAR 
EEDR 
EECR 
PORTB 
DDRB 


PORTD 


Function 

Status Register 

Stack Pointer Low 

General Interrupt MaSK register 
General Interrupt Flag Register 
Timer/Counter Interrupt MaSK register 
Timer/Counter Interrupt Flag register 
MCU general Control Register 
Time/Counter O Control Register 
Time/Counter O (8-bit) 

Timer/Counter 1 Control Register A 
Timer/Counter 1 Control Register B 
Time/Counter 1 High Byte 
Timer/Counter 1 Low Byte 

Output Compare Register 1 High Byte 
Output Conpare Register 1 Low Byte 
T/C 1 Input Capture Register High Byte 
T/C 1 Input Capture Register Low Byte 
Watchdog Timer Control Register 
EEPROM Address Register 

EEPROM Data Register 

EEPROM Control Register 

Deta Register, Port B 

Data Direction Register, Port B 

Input Pins, Port B 

Data Register, Port D 

Data Direction Register, Port D 

Input Pins, Port D 

UART I/O Datta Register 

UART Status Register 

UART Control Register 

UART Baud Rate Register 

Analog Comparator Control and Status Register 


All the different AT90S2313 I/O and peripherals are placed in the I/O space. The different I/O locations are 
accessed by the IN and OUT instructions transferring data between the 32 general purpose working registers and 
the I/O space. I/O registers within the address range $00 - $1F are directly bit-accessible using the SBI and CBI 
instructions. In these registers, the value of single bits can be checked by using the SBIS and SBIC instructions. 
Refer to the instruction set chapter for more details. When using the I/O specific commands, IN, OUT, SBIS and 
SBIC, the I/O addresses $00 - $3F must be used. When addressing I/O registers as SRAM, $20 must be added to 
this address. All I/O register addresses are shown with the SRAM address in parentheses. 

The different I/O and peripherals control registers are explained in the following sections. When using the I/O spe- 
cific commands, IN, OUT, SBIS and SBIC, the I/O addresses $00 - $3F must be used. When addressing I/O regis- 
ters as SRAM, $20 must be added to this address. All I/O register addresses are shown with the SRAM address 


in parentheses. 
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